ven though the genetic fingerprint of human sperm has been defined, its role in orchestrating fertilization and the development of the early embryo remains vague. Here we show that human male gametes pass over more to the oocyte than just the haploid male genomepaternal messenger RNAs are also delivered to the egg at fertilization. If these transcripts, previously thought to be left-overs from spermatogenesis, are important in early development, our findings may have implications for the success of somatic-cell nuclear transfer in cloning technology and the identification of components leading to unexplained male-factor infertility.
Microarray analysis has identified a set of transcripts that are common to both human testes and spermatozoa and are implicated in fertilization as well as in zygotic and embryonic development 1 . We investigated this possibility using the polymerase chain reaction (PCR) with reverse transcription to determine which of these transcripts is present in human spermatozoa but not in unfertilized human oocytes, and identified six candidates (Table 1 ). The implication is that spermatozoa deliver these transcripts to the ooplasm at fertilization.
We therefore used the zona-free hamster egg/human sperm penetration assay (a standard clinical assay to test the virility of human sperm) to investigate this possibility (for methods, see supplementary information). Complementary DNAs from human spermatozoa, hamster oocytes and hybrid human-hamster zygotes were interrogated by real-time PCR; these RNA preparations were devoid of DNA contamination (the 310-base-pair protamine-2 gene was not detected). Only the protamine-2 and clusterin transcripts were consistently detected in spermatozoa, zygotes and in the positive control, and not detected in hamster oocytes or in the negative control (Fig. 1) . These results show that spermatozoa deliver RNAs to the oocyte at fertilization.
Why should spermatozoa messenger RNAs be transferred to the oocyte? Messenger RNAs encoding proteins that bind nucleic acids, such as protamine-2, are likely to be deleterious and are probably degraded following entry 2 , and a similar fate may await other RNAs that gain access 3 .But some may have a role in the developing zygote: for example, clusterin (also known as sulphated glycoprotein-2, or SGP-2) is delivered to the oocyte and has been implicated in cell-cell and cell-substratum interactions, enhancement of fertility rate, lipid transportation, membrane recycling, stabilization of stress proteins, and promotion or inhibition of apoptosis [4] [5] [6] [7] . These may therefore be required in the early zygote but unnecessary in the oocyte. Alternatively (or in addition), these and other unidentified molecules, such as small interfering RNAs (siRNAs), may participate in processes such as pronuclear formation, the orchestration of events leading to oocyte activation, the transition from maternal to embryonic gene control, and the establishment of imprints in early embryos. It could be argued that successful parthenogenesis and somatic-cell nucleartransfer experiments preclude a role for paternal RNAs in these processes. Parthenogenetic activation has been known to support development up to the limb-bud stage (corresponding to about 30 somites) 8, 9 , and only recently a 'parthenogenetic'(derived from two different egg cells) mammal was born after genome modification 10 . However, the success of such experiments and of somatic-cell nuclear transfer is limited 11 , as is the production of human embryonic stem cells after somatic-cell nuclear transfer 12 . This may be because sperm RNAs contribute to early development. Transcripts that are specific to male germ cells play a role in the differentiation of embryonic stem cells 13 and their function may not be easily replaced.
Our results indicate that sperm RNAs could be important in early zygotic and embryonic development and that they may hold the key to more successful somatic-cell nuclear transfer or to the identification of male-derived factors that underlie idiopathic infertility. 
G. Charles Ostermeier

ǁSOX13
Transcripts detected in spermatozoa for biological processes important to fertilization and its associated stress response, which is critical for sustaining zygotic development and early embryonic development.
Transcripts that are detected in spermatozoa and not in unfertilized human oocytes are indicated by plus and minus signs, respectively. We can roughly estimate the total number of RNA molecules that would be delivered to the oocyte upon fertilization as some 18,000 transcripts, assuming an average RNA size of 1,000 bases and a yield of RNA of at least 10 ng per million spermatozoa. are evident in spermatozoa, zygotes and the positive control, but not in hamster oocytes or in the negative control.
